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LP-PLA2: an emerging biomarker 
of coronary heart disease 

W/'sho Dada^, Nam WKim and Robert LWolfert 


Cardiovascular disease 1$ the leading cause of death in most industrialized countries. 
However, the diagnosis and management of coronary heart disease Is far from opfimal. 
Llpoprofoln-assocloted phospholipase A2 <lp-PLA2), also known as platelet-activating 
factor acatythydrolase, is an enzynne that hydrolyses oxidized phospholipids and Is 
primarily associated with low-density lipoprotein. Discussed In this review is the 
accumulating evidence supporting the view that Ip-PLA^ Is a potential blomarker of 
coronary heart disease and plays and an important proinflammotory role in the 
progression of atherosclerosis. A new EUSA method for the quantitative measurement of 
IP-PIA2 mass in human plasma developed by diaDexus, Inc. Is presented. Furthermore, 
potential clinical applications of Ip-PLAj measurements are proposed. 
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Atherosclerosis, the progressive build up of 
plaque in the coronary arteries, is well known to 
be associated with risk of heart disease and coro¬ 
nary events that are the leading causes of death in 
the USA, Europe and Japan. An estimated 7 mil¬ 
lion Americans have coronary heart disease 
(CHD), the most common form of heart dis¬ 
ease. Each year, more than 500,000 Americans 
die of heart attacks. The accumulation of lipo¬ 
proteins in the arteries and ensuing tissue reac¬ 
tion lead to narrowing of the afiecced vessel, 
which in turn can residt in angina and eventually 
coronary blockage, heart attack and thrombotic 
stroke. Multiple risk factors, such as hypoten¬ 
sion, smoking, obesity and eWatedriow-densi^ 
Qipopfofein~(EDEj cholesterol levels have been 
shown to'dramarically increase the probability of 
developing atherosclerosis [i). However, up to 
50% of cardiovascular events occur in patients 
that do not exhibit any of these conventional risk 
factors, suggesting that other fecrors are involved 
in the etiology of atheiosderosis. Recently, there 
has been increasing evidence that an inflamma¬ 
tory process contributes to CHD [ 2 ), leading 
researchers to explore new avenues in the diagno¬ 
sis and treatment of the disease. The focus of this 
review is lipoprotein-associated phospholipase 
A2 (LP-PLA 2 ), an emerging biomarker of CHD. 


Pathogensste of atheroscleFosis 

The development of atherosclerotic plaque 
begins when the arterial endothelium is dam¬ 
aged, resulting in endothelial dysfunction (3]. 

Endothelial dysfunction sets into place a series 
of specialized immune and inflammatory 
responses including increased vascular permea¬ 
bility and uprcgulation of a variety of 
cytokines, growth factors and procoagulants, 
all of which lead to the accumulation of mono¬ 
cyte-derived macrophages at the site of arterial 
injury. The earliest manifestation of a lesion is 
the fatty streak, a macroscopically visible sub- 
endothelial accumulation of foam cells (lipid- 
tich fflaCfOphagcS and monOcytts) and T-lym- 
phocytes. The ensuing inflammatory response 
can further stimulate migration and prolifera¬ 
tion of smooth muscle cells to the site of injury 
to form an intermediate lesion. As layers of 
macrophages and smooth muscle cells accumu¬ 
late, a fibrous plaque is formed, which is char¬ 
acterized by a necrotic core composed of cellu¬ 
lar debris, lipids, cholesterol, calcium salts and 
a fibrous cap of smooth muscle, collagen and 
proteoglycans. Gradual growth of this 
advanced lesion may eventually protrude into 
the arterial lumen, impeding the flow of blood. 
Further progression of atherosclerosis may lead 


WWW.fUfUrc-dfU^.COm j © Future Drugs Ltd. AJI rights reserved. ISSN 1473-7159 


17 


PM3006731301 


Source: https://www.industrydocuments.ucsf.e(du/(docs/mjvj0001 







Dada, Kim & Wolfert 


(o plaque rupture and subsequent thrombus formation, result¬ 
ing in acute coronary syndromes, such as unstable angina, acute 

myocardial infarction or sudden ischemic death [4|. 

Roie of oxidized LDL In atheroscleiosis 

Oxidation of LDL in the endothelial space of the artery is con¬ 
sidered a critical step in the development of atherosclerosis [5,6]. 
Although the exact mechanisms by which lipoproteins become 
oxidized in vivo are unknown, oxidized LDL (oxLDL), unlike 
native LDL, has been demonstrated to be associated with a 
host of proinflammatoiy and proatherogenic activities, which 
have been reviewed elsewhere [7]. oxLDL can attract monocytes 
and T-lymphocytes into the subendothelial space, induce 
cytokine secretion by endothelial cells resulting in the growth 
and differentiation of monocytes into macrophages, inhibit 
macrophage migration out of the vessel wall, promote choles¬ 
terol uptake by macrophages leading Co foam cell formation, 
stimulate smooth muscle migration and proliferation, exhibit 
cytotoxic properties that cause endothelial dysfunction, inhibit 
endothelial dependent relaxation and promote a procoagulant 
state. Furthermore, oxLDL has been shown to induce cytotox¬ 
icity and apoptosis in cultured vascular smooth muscle cells 
and macrophages [8,9]. Macrophage death leads to the forma¬ 
tion of the necrotic lipid core in atherosclerotic plaques [lo] and 
smooth muscle cell death promotes thinning of the fibrous 
cap. Such changes can contribute to atherosclerotic plaque 
instability and rupture (4.11). 

Role of Lp-PLA2 in atherosclerosis 

Lp-PLA 2 - also known as platelct- activat ing.factonacetylhvdror. 
lase (PAF-AH; EC 3.1.1.47) -|i^a 50 kD, Ca^'’-independent 
member of the phospholipase A 2 family,"This enzyme wafinP 
dally characterized by its ability to hydrolyze and inactivate 
platelet-activating factor (PAF), a biologically potent phospholi¬ 
pid involved in inflaramarion. Since the PAF-AH substrate spe¬ 
cificity is not restricted to PAF alone, the name Lp-PLAz was 
suggested by Tew etaL [ 121 . Lp-PLA 2 is produced by macro¬ 
phages and is found expressed in greater concentrations in 

_arherosclerotic lesions [15]. The plasma isoform of Lp-PLA 2 is 

^ 85“90%'bounH to LDUTwith the remaining fraction bound to 
high-density.-lipoprotein-(HDL) and very low-density lipopro¬ 
tein (VLDL) [14]. The HDL-associated fraction of Lp-PLA 2 has 
been suggested to have a protective role in atherosclerosis [ 15 ]. 
Lp-PLA 2 is primarily associated with a small, dense LDL sub¬ 
fraction [16]. The binding of Lp-PLA 2 to LDL_inxoiyes 
apo^OO. the major apolipo prot eimofXD L [iTj.f Lp-PLA? is dis¬ 
tinct from secretory Type II PLA 2 (SPLA 2 ), which haS“also been' 
associatecl'witlrihcfease'd'rislrbrCHDlTSiras'well as chronic 
inflammatory diseases (19]. Unlike Lp-PLA 2 , SPLA 2 is Ca^*- 
dependent, secreted by smooch muscle cells [ 20 ] and detected in 
a variety of different human tissues [ 2 !], In addition, SPLA 2 can 
hydrolyze unmodified phospholipids, whereas Lp-PLA 2 prefer¬ 
entially cleaves oxidized phospholipi ds. S pecifically, the Lp- 
PLA 2 enzyme hydrolyzes the'jrn-2 fetty acid of oxidatively modi¬ 
fied LDL, resulting in the fbrmafiorTbf'lysophosphatidylcholine 


(lyso-PC) and oxidized free fatty acids (oxFFA) ( 22 ]. In vitro 
studies have demonstrated that lyso-PC in oxLDL is a strong 
chemoattractant for human monocytes [23]. In addition, other 
studies have shown that Lp-PLA 2 does not appear to affect the 
amount of LDL oxidation in vitro, but hydrolysis of oxidized 
phospholipids mediated by Lp-PLA 2 contributes significantly to 
the cytotoxic and apoptotic properties of oxLDL on human 
mono^)^^^^acrophages [24]. 

f*'’’^aradoxiodly, published reports surest that Lp-FLA 2 may 
play two opposing roles in atherosclerosis. The ability of Lp- 
PLA 2 to hydrolyze PAF and related polar or oxidized phosphol¬ 
ipids, su^ests an anti-inflammatory role [25). On the other 
hand, the hydrolysis of oxidized phospholipids, as mediated by 
Lp-PLA 2 i results in the generation of lai^e quantities of lyso- 
PC and oxFFA, which ate potent inflammatory products and 
suggests a proatherogenic role [ 22 , 26 ] .vIncreased-enzymadc^aSiy£7 
fi^ of Lp- PLA ^ irTthe'^ruifrof pacientsTvith GHD.-ar condi- 
fions^associated-wi th^aT isk'bf developing.GHD, would i ndicate 
^a-pix)aiherog@c7rol£.'fofIchisTe'nzyme. Indeed, experimental 
animal models and human clinical studies do support this 
hypothesis. For example, Lp-PLA 2 enzymatic activity was dem¬ 
onstrated to be approximately 6-fold higher in the atheroscle¬ 
rotic aortas of Watanabe heritable hypertipidetnic rabbits, com¬ 
pared with normal aortas from control rabbits (13). In addition, 
'huinanTft asfn a~Tp-PEATlevels-were-inctcased.-as~nftasured by 

fflieLKydrolyais-of-piatelct-activating'fact^'(PAF)j in'p'atientsc^_ -j 

-with_atheroglcrjras“[27c29iritmkE^[30], hypertensiotTfsq.'diabe- 
f!t^(52,55]-.and ftmilial-hypefcholesteroleniia [34). Interestingly, 
other studieThave reported a decrease in Lp-PLA 2 enzymatic 
—activity in patients with acute myocardial infarction [ 35 ) and no 
correlation with premature coronary atherosclerosis [ 36 ]. 

Approximately 4% of the Japanese population has a —3 

T (Val^^^ —^ Phe) polymorphism in the Lp-PLA 2 gene, which 
resul ts in a loss of Lp-PLA 2 enzymatic activity ( 57 ). Studies on 
this specific patient population may help elucidate the associa¬ 
tion of Lp-PLAz with atherosclerosis. In a recent study, a posi¬ 
tive association was demonstrated between Lp-PLA 2 activity and 
male patients heterozygous for the allele and had been diagnosed 
with myocardial infarction [3SJ. However, this association was 
negative for females and males homozygous for the allele. In 
another study, a similar correlation in heterozygous patients with 
stroke was also reported [39], Interestingly, heterozygous cases 
had significantly higher Lp-PLA 2 activity than hetcrozj^ous 
controls. Clearly, additional studies using this cohort of subjects 
are required to further investigate the association of Lp-PLA 2 
with disease and clarify this apparent paradox. 

Thus, many published studies have reported conflicting 
results as to the association of Lp-PLAz enzymatic activity and 
coronaty vascular disease. In addition,.-Various-difFetent_testing 

protocols and substrates have been^utilized by different groups Z_ 

^vfor the measurement of Lp-PLA 2 en^matic activity, as summa- 

rized by Kosaka_rt ^ j4o],^making~it difficurtld compare data 
'BSweehlmdies. Furthermore, enzyme activity determinations 
may also be confounded by interference from endogenous con¬ 
stituents in plasma that have cross-reacting substrate specificities. 
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Figure 2. Relationship between Ip-PLAi mass and Lp-PlAj activity. 
Plasma samples from 22 subjects were tested for Lp-PLAj mass by EUSA and 
for IP-FLA2 activity using pH] PAF as a substrate following a protocol 
described byTewcfo( fia]. 


For example, some structural PAP analogs that have been used 
as substrates for Lp-PLA 2 enzymatic activity measurements are 
also hydrolyzed by albumin in scrum and plasma [40]. 

Lp-PLAj enzyme-linked immunoassay 

In an effort to address some of these issues, including analyte spe¬ 
cificity, we have recently developed a highly specific and sensitive 
enzyme-linked immunoassay (ELISA) for the quantitative meas¬ 
urement of Lp-PLA^ concentration in human serum and plasma. 
The assay system utilizes two high-afifmity monoclonal antibod¬ 
ies (mAh) directed against Lp-PLA 2 that do not cross-react with 
other phospholipases (ut]. Studies are currently underway to 
determine if these antibodies measure LDL-associaced Lp-PLA 2 , 
unbound enzyme or total plasma Lp-PLA 2 . The first mAb is 
used for immobilization on microtiter wells. Standards, controls 
and samples arc allowed to react with the immobilized mAh. 
After a 90 min incubation at 4“C, the wells are washed to remove 
any unbound antigen and sample components. The second anti¬ 
body, conjugated to horseradish peroxidase (HRP), is then added 
and reacted with the immobilized antigen for a 60 rain incuba¬ 
tion at 4”^ resulting in the Lp-PLA 2 molecules being sand¬ 
wiched between the solid-phase-bound mAh and the enzyme- 
linked mAb conjugate. The wells are washed a second time to 
remove unbound labeled antibodies. HRP enzyme substrate, 
tetramethylbenzidine (TMB), is then added. The absorbance of 
the HRP enzyme and substrate reaction is measured at 450 nm 
in a standard ELISA plate reader and is directly proportional to 
the concentration of Lp-PLA 2 present in the samples. Plasma 
and serum samples are diluted 10 -foid prior to testing and the 
concentrarion of Lp-PLA 2 in the sample is calculated using a 
standard curve of recombinant LpPLA 2 at a range of concentra¬ 
tion from 0—200 ng/ml (FICURE i>. There is a strong positive cor¬ 
relation (r = 0.87) between mass and activity of plasma Lp-PLA 2 
(FIGURE 2 ), This assay utilizes the same detection and capture anti¬ 
bodies, but a newly purified recombinant standard and detection 
substrate compared with the ELISA protocol for Lp-PLA 2 mass 
determinations used by Caslake etaL (HJ and Packard etal. 141], 



The current ELISA method described in this review is simple to 
use, precise, easily automated and can be readily adapted to 
clinical laboratory practice. 

LP-PLA 2 : a potential risk factor for CHD 

Plasma Lp-PLA2 mass determinations have been analyzed to 
further investigate the association of Lp-PLA 2 levels in patients 
with CHD. Plasma Lp-PLA 2 levels were shown to be signifi- 
candy elevated in patients with angiographically proven coro¬ 
nary artery disease when compared with age matched controls 
[Hj. In this study, Lp-PLA 2 was found to be independent of 
LDL-cholesterol, HDL-cholesterol, smoking and systolic blood 
pressure. The association of Lp-PLA 2 levels with relative risk of 
CHD was also investigated in a prospective case-control study 
using baseline samples from hypetcholestcrolcmic men in the 
West of Scotland Coronary Prevention Study (WOSCOPS), a 
large and significant clinical trial that evaluated the use of prav¬ 
astatin therapy to reduce heart disease ;4ii. In this study of 580 
cases and 1160 age- and smoking-matched controls, a patient’s 
risk of having an event (defined as myocardial infiuction, the 
need for revascularization or death from cardiac causes) 
increased with elevating levels of Lp-PLA 2 . Compared with 
subjects in the lowest quintile, the risk was 2-fold greater for 
subjects in the highest quintile. Furthermore, Lp-PLA 2 was 
shown to be independent of ocher markers of systemic inflam¬ 
mation; C-reactive protein, white ceil count and fibrinogen. 
Although additional studies are required, these results support 
the hypothesis that Lp-PLA 2 may be an independent risk factor 
for CHD- 

Potential clinical applications of Lp-PLA2 

Presently, risk factor identification and modification remain 
the most important approaches in the prevention of CHD. 
Accumulating epidemiological evidence has demonstrated the 
benefits of reducing cholesterol in patients at risk for the 
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development of CHD. The management of hyperlipidemia 
involves a combination of preventive strategies, including die¬ 
tary changes, exercise, weight loss and smoking cessation. It 
may also involve pharmacologic drug therapy for patients at 
increased risk for developing CHD. However, up to 50% of 
cardiovascular events occur in patienrs with normal lipid pro¬ 
files. Therefore, Lp-PLA 2 screening, performed independ¬ 
ently or combined with an individual’s lipid profile and 
Other risk factors, may help further identify and stratify the 
large number of patients who could benefit from lifestyle or 
pharmacological intervention. 

The strong association of Lp-PLA 2 with the hydrolysis of 
oxLDL suggests that certain forms of atherosclerosis might be 
treated or prevented by inhibiting the activity of the enzyme. 
Novel therapies to specifically inhibit the activity of Lp-PLA 2 
and potentially intervene in the atherogenic process are cur¬ 
rently under development [42j. Measurement of Lp-PLA 2 lev¬ 
els may be an important clinical tool for the monitoring of 
inhibitor efficacy and prediction of disease outcomes of such 
preventative therapies. 

Conclusicm & expert opinion 

CHD is the number one cause of death in most industrial¬ 
ized countries. Atherosclerosis - the primary cause of CHD — 
develops over several decades and often remains asympto¬ 
matic until the manifestation of an acute life-threatening 
event. Epidemiological studies have identified many risk fac¬ 
tors associated with the development CHD including hyper¬ 
lipidemia, hypertension, diabetes and smoking. Unfortu¬ 
nately, it remains that up to 50 % of cardiovascular events still 
occur in patienrs who do not present with any of these estab¬ 
lished risk factors. Therefore, there is an urgent need fat bet¬ 
ter markers to predict individuals at risk, which will allow for 
earlier interventions to improve patient outcomes and reduce 
healthcare costs associated with CHD. 

Several lines of evidence from in vitro systems, animal mod¬ 
els and human epidemiology studies support the association 
of Lp-PLA 2 with atherosclerosis. However, additional studies 
are required to further elucidate the function and role of this 
unique enzyme. There is also a need to conduct additional 
large, well-controlled, prospective, epidemiological studies to 
determine the clinical application of this biomarker. The 
recent availability of a simple ELISA assay from diaDexus, 
Inc, for quantitative Lp-PLA 2 determination should help facilitate 
these studies. 


Fivo-year view 

Despite current risk factor assessment and risk modification strat¬ 
egies, the prevalence and medical and economic impact of CHD 
remain extraordinarily high. Therefore, there is clearly a great 
need for better risk markets for the management of CHD. Recent 
evidence su^ests that Lp-PLA 2 ^ mechanistic role in 

atherosclerosis and could be a useful independent blomarker of 
CHD rkk and a potential target for therapeutic intervention. In 
the next 5 years, additional studies conducted on Lp-PLA 2 should 
elucidate the potential role of this enzyme in CHD risk factor 
assessment and confirm its application in clinical practice. 

Information resources 

* www.americanheart.org 
American Heart Association. 


Key issues 


• Epidemiological studies have identified many risk factors 
associated with the development of coronary heartdisease 
including hyperlipidemia, hypertension, diabetes and 
smoking. However, a significant number of cardiovascular 
events occur in patients who do not present with any of 
these traditional risk factors. 

• There is an urgent need for better markers to predict 
individualsat risk for coronary heartdisease, which will allow 
earlier intervention. 

• Inflammation has been postulated to play an important part 
in the atherosclerotic process, which is the primary cause of 
coronary heart disease. 

• Lipoprotein-associated phospholipase A2 (LP-PLA2) is a unique 
enzyme, that circulates bound primarily to low-density 
lipoprotein-cholesterol and is responsible for the hydrolysis of 
oxidized low-density lipoprotein, resulting in the generation of 
lysophosphatidylcholine and oxidized free fatty acids, both 
potent proinflammatory and proatherogenic products. 

• LP-PLA2 measurements by enzyme-linked immunoassay 
using highly specific monoclonal antibodies could provide a 
novel method to assess coronary heart disease risk. 

• Preliminary results suggest that Lp-PLA2 may be an 
independent risk marker for coronary heart disease. Further 
studies are required to confirm the clinical application of Lp- 
PLA2 in the management of coronary heart disease. 
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